Introduction {#sec1-1}
============

Cortisol is a life-sustaining hormone produced by the adrenal cortex in response to the pituitary ACTH hormone (Sjaastad, [@ref17]). It is often called as *stress hormone* because its production increases during severe psychophysical stress conditions and therefore, it represents an indicator of animal welfare (Greenwood and Shutt, [@ref11]; Stewart *et al*., [@ref18]).

Cortisol detection is used as a physiological indicator in dairy cows, pigs and goats (Greenwood and Shutt, [@ref11]; Cook *et al*., [@ref5]; Pol *et al*., [@ref15]) and it is desirable that it may also be applied to beef cattle.

The study, resulting from a partnership between the Food Safety Section of the Department of Veterinary Medicine, Bari University and the Meat Processing Industry, Siciliani S.p.A. in Apulia region (Southern Italy), was conducted in the period between April and June 2017.

Therefore, the aim of the study was to compare concentrations of plasmatic cortisol (detected always at 6:00 a.m. to exclude a circadian variation) in beef cattle, subjected to traditional slaughter (with stunning) and with religious Jewish rite (without stunning), during growth, after transport and during slaughter.

Materials and Methods {#sec1-2}
=====================

Ethical statement {#sec2-1}
-----------------

The experimental procedures were approved by the ethical committee of the Department of Veterinary Medicine, Bari University (Protocol n.: 605-III/13, 04/04/2017).

Sampling {#sec2-2}
--------

The study was carried out on a total of sixty *Charolaise* male beef cattle of eight-months of age, raised in a *free paddock* at a farm located in Taranto and regularly slaughtered, exclusively at Siciliani S.p.A (transport time: about 30 min). The sixty animals were divided in two experimental groups; in particular, the first group of HTMLDirectthirty animals was selected from breeding by the responsible Rabbi of the *Shechitàh Committee*, in charge to verify the whole chain production, in order to ensure a product conforming to Jewish rules. These animals were slaughtered according to religious rite (without stunning). Conversely, the other thirty animals were slaughtered after stunning, by captive bolt gun, as required by EC Regulation 1099/2009 (European Commission, [@ref7]).

The plasmatic cortisol levels were evaluated during three different stages of each animal productive life: i) at a farm, ii) after transport, and iii) during slaughter.

The sampling was carried out in breeding one week before slaughter; in the lairage facilities of the slaughterhouse, thirty minutes after the discharge of the animals at the slaughterhouse; and finally, the third sample was picked up immediately after the bout.

The blood samples collected in breeding and standing stalls were obtained by picking from the jugular vein in a vacutainer containing ethylenediaminotetracetic-acid (EDTA). Conversely, the blood samples collected during the slaughter phase were harvested immediately after the exsanguination phase.

Then the samples were stored in ice at 0°C, avoiding freezing, and then sent to the reference laboratory not later than sixty minutes.

Elisa test {#sec2-3}
----------

### Description {#sec3-1}

The cortisol ELISA immunoassay test (Bovine-Cortisol ELISA; My-Bio-Source, San Diego, CA, USA) is designed for the quantitative determination of cortisol in serum/plasma or urine samples. The test is used for the diagnosis and monitoring of physiological/pathological conditions related to serum/plasma cortisol in bovine and related species.

### Reagent preparation {#sec3-2}

All reagents should be brought to reach room temperature (25-28ºC) before use and all reconstitute tubes may take 30-40 minutes before being completely dissolved. Enzyme conjugate should be stored at -20ºC for good stability if not used immediately. Highly concentrated samples should be diluted with sample diluent (*e.g.* 1:5, or 1:10) to bring to a readable range on the curve.

### Assay procedure {#sec3-3}

First, set standard wells, sample wells and blank/control wells, add standard 50 μL to each standard well, add sample 50 μL to each sample well, add sample diluent 50 μL to each blank/control well. It is recommended that all standards, samples and sample diluent be added in duplicate to the plate. Second, add 100 μL of HRP% conjugate reagent to each well, cover with a closure plate membrane and incubate for 60 minutes at 37°C. Third, wash the plate 4 times with wash solution (250-300 µL) per well. Invert plate, tap firmly against absorbent paper to remove any residual moisture. Fourth, add 100 μL of TMB colour reagent into each well (including the blanks). Fifth, incubate the plate for 30 min at 18-25°C in vortex without shaking. Sixth, stop the reaction by adding 100 μL di H~2~SO~4~ 1M to each well. Gently, mix for 1-2 minutes. Seventh, determine the optical density (OD) of each well within 5 min., using a micro plate reader set to 450 nm. If wavelength correction is available, set to 540 nm or 570 nm.

### Calculation of results {#sec3-4}

Average the duplicate readings for each standard and sample and subtract the average OD of Blank.

Create a standard curve by reducing the data using computer software capable of generating a four parameter logistic (4-PL) curve-fit.

If samples have been diluted, the concentration read from the standard curve must be multiplied by the dilution factor.

### Performances {#sec3-5}

Sensitivity: the minimum detectable dose of bovine cortisol is typically less than 0.049 ng/mL. Detection range: 0.049-200 ng/mL. Specificity: this assay has high sensitivity and excellent specificity for detection of bovine cortisol. No significant cross-reactivity or interference between bovine cortisol and analogues was observed. Intra-Assay Precision CV (%) \<8%. Inter-Assay Precision CV (%) \<10%.

Statistical analysis {#sec2-4}
--------------------

General data analysis have been processed with Excel software: i) univariate, central tendency and concentration; ii) multivariate, using one-way analysis of variance applied to two different sample (traditional and ritual slaughter).

For each group, a box plot has been created showing plasmatic cortisol distribution around the mean value in the three-different step of the production process (cattle farm, in the lairage facilities and during exsanguination stage) ([Figure 1](#fig001){ref-type="fig"}).

Results and Discussion {#sec1-3}
======================

The bovine group slaughtered with previous stunning by captive bolt gun pointed out an average concentration of plasmatic cortisol in the amount of 4.85±3.2; 36.36±12.2 e 45.08±14.1 nmol/L for each step of the sampling.

Conversely, the group of animals slaughtered by Kosher ritual showed, a lower concentration of cortisol equal to 2.96±1.2, 31.65±25.4, and 68.70±30.6 nmol/L in the different steps ([Table 1](#table001){ref-type="table"}).

Moreover, according to the concentration indexes in descriptive analysis ([Table 1](#table001){ref-type="table"}), a high percentage of data were closer to the mean values (positive kurtosis and low skewness).

ANOVA results showed that the difference between plasmatic cortisol concentration, observed in the two different slaughtered groups, are significant (F value higher than 1) only for the farming and exsanguination phase ([Table 2](#table002){ref-type="table"}).

Conclusions {#sec1-4}
===========

The findings of our investigation suggest that both traditional and religious slaughtering have positive and negative aspects. For instance, animals slaughtered by the religious rite appear to have lower cortisol levels during growth and during the handling phase at the slaughterhouse than animals subjected to traditional slaughter. On the other hand, the plasmatic cortisol levels determined immediately after the exsanguination phase seem to be much higher than those observed in animals slaughtered traditionally ([Tables 1](#table001){ref-type="table"} and 2; [Figure 1](#fig001){ref-type="fig"}).

In agreement with previous studies (Önenç and Kaya, [@ref14]), these findings confirm that the slaughtering method may influence the plasmatic cortisol levels, which play a role in correct acidification of meat.

After animal death by exsanguination, muscles present anoxia conditions, triggering anaerobic glycolysis, and glycogen is hydrolysed to lactic acid. Therefore, meat pH decreases from 7 to 5.5, a condition essential for reduction of bacterial growth, as indicated in the guidelines of the European Community (Regulation EC 853/2004; European Commission, [@ref6]).

These findings mirror the results of previous studies (Cenci-Goga and Fermani, [@ref3] and Cenci-Goga *et al.* ([@ref3]), and show that it is possible to reduce the glycogen levels by safeguarding the animal welfare conditions in the days before slaughtering, during transportation and exsanguination.

Therefore, in order to avoid adverse effects on the carcass due to pH values higher than 5.5 (such as decreased shelf life, color alterations and decreased tenderness), the concentration of plasmatic cortisol should be assessed carefully both in the management of animal welfare during growth, and shortly before the slaughtering phases (Informatore Zootecnico, [@ref12]).

The post-slaughtering kosher process requires treatment of the carcasses in saline solution. This process is necessary to remove blood from the muscle tissues, but it may affect negatively the color, flavor and organoleptic quality of meat. In addition, this procedure may alter the oxidative processes (Farouk *et al.*, [@ref9]).

Cortisol influences the processes of degradation of proteins and fats and increased levels of cortisol, even in the late slaughtering phases, may alter the organoleptic characteristics of meat. A considerable decrease in marbling fat affects negatively meat flavor and tenderness.

Also, the results of this survey suggest that standardisation of the procedures for animal handling and containment at the slaughterhouse may be achieved by training of workers to manage correctly the various steps of the procedure. This is necessary to reach high hygiene and organoleptic standards of meat (Bozzo *et al.*, [@ref2]). For this purpose, non-coercive and non-aggressive attitude of farm and slaughterhouse operators is essential (Lensink *et al.*, [@ref13]; Faucitano, [@ref10]).

Animal welfare is pivotal to guarantee hygiene and quality of productions. In 2009-2010, the European Economic and Social Committee (EESC) released comments on animal welfare labeling, introducing the possibility to use the claim *from certified herds*, for herds fulfilling the welfare requirements above the minimum standards established by law. Thus, animal welfare would have an additional economic value, as it would offer to consumers a product of higher quality, and, at the same, it could become an opportunity to increase farmers' income.

Recent market researches (European Commission, 2012) have highlighted how important is protecting animals for European citizens. This was also revealed in more recent studies (Cenci-Goga and Fermani, [@ref3]; Cenci-Goga *et al.* ([@ref3]), in which 82% of consumers emphasised the importance of protection of animals, regardless of costs, accepting to pay a higher price for food from animal breeding systems where animal welfare is respected.

Taking into account the market response, the scientific evidence and the advantages in term of hygiene, organoleptic quality and shelf life, in UK in 2015 the religious communities have accepted to introduce stunning in ritual slaughtering. As also suggested in our study, this virtuous model where religion and science meet up and find a balance point should be promoted and replicated in other European countries.

![Distribution of plasmatic cortisol concentrations.](ijfs-6-3-6912-g001){#fig001}

###### 

Descriptive statistics.

                                                       Central tendency   Concentration                                           
  ----------------------- -------------------- ------- ------------------ --------------- ------- ------ ------- -------- ------- ------
  Total sample            Cattle farm          3.91    3.61               2.60            3.29    0.34   1.50    16.19    7.45    2.18
                          Lairage facilities   34.00   32.16              19.95           31.20   2.58   5.19    156.60   24.00   4.02
                          Exsanguination       56.89   54.00              26.48           55.09   3.42   23.47   175.00   6.69    2.03
  Religious Jewish Rite   Cattle farm          2.96    2.87               1.21            3.00    0.22   1.50    6.60     1.31    0.96
                          Lairage facilities   31.65   28.21              25.48           28.79   4.65   5.19    156.60   21.31   4.24
                          Exsanguination       68.70   65.91              30.61           66.95   5.59   23.47   175.00   4.59    1.74
  Traditional slaughter   Cattle farm          4.85    4.52               3.23            4.49    0.59   1.50    16.19    3.91    1.53
                          Lairage facilities   36.36   35.97              12.21           34.40   2.23   18.40   62.60    -0.75   0.52
                          Exsanguination       45.08   44.50              14.15           42.70   2.58   23.70   79.90    -0.33   0.51
                                                                                                                                  

SD, standard deviation; SEM, standard error of mean.

###### 

Analysis of variance.

                                           Sum of squares   Df   Average of squares   Fisher\'s F   P
  -------------------- ------------------- ---------------- ---- -------------------- ------------- -------
  Cattle farm          Between groups      53.26            1    53.26                8.952         0.004
                       Within the groups   345.09           58   5.95                               
                       Total               398.35           59                                      
  Lairage facilities   Between groups      333.80           1    333.80               0.836         0.364
                       Within the groups   23154.21         58   399.21                             
                       Total               23488.01         59                                      
  Exsanguination       Between groups      8370.46          1    8370.46              14.717        0.000
                       Within the groups   32988.53         58   568.77                             
                       Total               41358.99         59                                      

Df, degree of freedom.

[^1]: Conflict of interest: the authors declare no potential conflict of interest.
